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Abstract 
The YBCO tape high-Tc superconductor has high critical current density and strong pinning force. A field-cooled YBCO tape is 
suspended under a permanent magnet, and a small permanent magnet is levitated on the YBCO tapes. The stable suspension and 
levitation with the YBCO tape are obtained not by shielding currents but by pinning of flxsoids. The numerical pinning model 
without shielding currents is explained in formulation with Maxwell stress. The experimental results are numerically evaluated by 
using the numerical pinning model. The pinning force is discussed from experimental suspension limits. Levitation phenomena are 
also discussed for several cases with different gap lengths and magnets. The pinning force related to the critical currents of the 
YBCO tape is discussed from the numerical evaluation of the experimental results. Concept of pinning levitation with YBCO tapes is 
explained to design rotational levitation system. 
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1. Introduction 
Macroscopic numerical simulation is useful to design applications of high-Tc superconductor (HTS). So far author 
analyzed electromagnetic forces and stress distributions of a bulk HTS by using the macroscopic critical state model 
with the shielding currents [1, 2]. There is another numerical pinning model by using Maxwell stress. The numerical 
pinning model is based on the assumption that fluxoids are perfectly fixed at the surface pinning points of the HTS. 
Motion of a YBCO thin film in microgravity experiments [3] and suspension of a field-cooled YBCO tape [4] were 
evaluated well with the numerical pinning model.  
In the paper, a field-cooled YBCO tape is suspended under a permanent magnet, and a small permanent magnet is 
levitated on the field-cooled tapes. The YBCO tape is made by SuperPower Inc., and has strong pinning force and less 
flux creep [5]. Experimental suspension limits are obtained clearly. Number of piled tapes is studied in the levitation 
experiments. The pinning force related to the critical currents of the YBCO tape is discussed from the numerical 
evaluation of the experimental results. Concept of pinning levitation with YBCO tape is explained to design a rotational 
levitation system.  
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2. Experiments 
Fig. 1 shows a suspended short YBCO tape under a permanent magnet. The YBCO tape is field-cooled under the 
permanent magnet in liquid N2 of 77 K, then the magnet is pulled up with the suspended tape. The tape falls down about 
10 seconds after pulled up from liquid N2 by thermal invasion. The stable suspension of the YBCO tape is obtained not 
by shielding currents but by flux pinning of flxsoids in the tape superconductor. Fig. 2 shows conductive cooling 
suspension, where the YBCO tape is bended and one end is in the liquid N2. Since the tape can be suspended more than 
one hour, it is confirmed that the YBCO tape has the strong pinning force and less flux creep. The width and thickness 
of the YBCO tape are 4.1 mm and 0.095 mm. Fig. 3 shows experimental suspension limits for weight of samples [4], 
where the weight of the sample is in proportion to the length of the tape. Magnetization of the permanent magnet is 0.85 
T [4]. Radius of the permanent magnet is 4.0 mm, and the thickness of one magnet is 2.0 mm and that of two magnets is 
4.0 mm. The suspension limits, where the total pinning force equal to the weight of the tape, are clearly obtained from 
the experimental results [4]. 
Fig. 4 shows levitation of a small permanent magnet on the piled YBCO tapes. Weight of the small permanent 
magnet is about 0.18 g. The stable levitation of a permanent magnet is possible by strong pinning force of the YBCO 
tapes. It is sustained more than one hour on the piled YBCO tapes by the liquid N2 cooling. Table 1 shows experimental 
levitation results for number of piled YBCO tapes, where the circles correspond to full levitations. The levitations in the 
Table 1 are confirmed by 5 times trials for the same gap length. Table 1 shows that there is no effect of number of piled 
YBCO tapes. Field is trapped almost perfectly at the top layer of the YBCO tapes, which faces the magnet. The 
levitation limits depends on the pinning at the top layer. 
 
 
 
 
 
 
 
 
Fig.1. Suspension of a YBCO tape under a permanent magnet.  Fig.2. Conductive cooling suspension, where a YBCO tape is  
 bended and one end is in liquid N2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3. Experimental suspension limits for weight of samples [4]. 
 
 
Table 1 Levitation results for number of piled tapes. 
 
 
 
 
 
 
 
Fig.4. Levitation of a permanent magnet on piled YBCO tapes. 
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3.  Numerical pinning model 
Formulation was explained precisely in the previous paper [4]. It is well known that the angle between the Maxwell 
stress and the normal vector on the surface is divided into half by magnetic field line on the surface as shown Fig.5 (a) 
[6].  The numerical pinning model is based on the assumption that fluxoids are perfectly fixed at the surface pinning 
points of the HTS. When the external field is slightly changed, a local force F acts on a flxsoid. If the force is smaller 
than the maximum pinning force Fpmax, the flxsoid in the HTS does not move and there are no shielding currents. 
 0J  w
w
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SC   .pmaxif FF   (1) 
The field line in air is assumed to be bent by Δθ at the surface pinning point. From the half divided angle’s low, 
direction of the Maxwell stress is also changed by 2Δθ as shown in Fig. 5 (b). This is the basic idea of the numerical 
pinning model [3, 7]. Body force is obtained as summation of the unbalanced Maxwell stress on upper and lower 
surfaces. In the present analysis, the local force acting to fluxsoid is evaluated from difference of the Maxwell stress for 
small increase of the gap length. 
 
 
 (a) (b)  
Fig.5. (a) Angle between Maxwell stress and normal vector is divided into half by magnetic field line. (b) When field line is bent by 
Δθ at surface pinning point, direction of Maxwell stress is also change by 2Δθ in the numerical pinning model. 
4. Numerical evaluation 
Typical the critical current Ic of the YBCO tape at 77 K is reported about 90 A [5], and Fig.6 shows self field of cross 
section of 4.1 mm width of the tape at that time. For example, consider a flux pinning sheet of ΔS=Δl2=0.1 mm×0.1 mm 
=10-8 m2. The critical current density per length of the tape is calculated as Jc=90 A / 4.1 mm=2.2×104 A/m. If we 
assume that Ic is obtained under maximum self field of about 2.0×10-2 T from Fig.6, pinning force per the small area is 
calculated as F= JcΔlBΔl=2.2×104 A/m×10-4 m×2.0×10-2 T ×10-4 m=4.4×10-6 N. Fig.7 shows distributions of difference 
of the horizontal Maxwell stress for the gap increase of 1.0 mm. Solid line shows one magnet with 6.0 mm gap length 
and dash line shows two magnets with 8.0mm gap length in Fig.3. There is a peak of difference of the Maxwell stress. 
Position of the Maximum difference of the Maxwell stress is a little different for two cases. Fig.8 shows Maximum 
difference of Maxwell stress for displacement for the gap increase. If maximum difference of Maxwell stress is 
assumed about τ=100 Pa from Fig. 8, local moving force is about F=τΔS=100 N/m2×10-8 m2=1.0×10-6 N. Though there 
are some differences, the same order is obtained from the rough evaluation.  
 
Fig.6. Self field of cross section of the  Fig.7. Difference of Maxwell stress for  Fig.8. Maximum difference of  
tape with 90 A. the gap increase of 1.0 mm. Maxwell stress for the gap increase. 
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5. Rotational pinning levitation system 
From these experimental and numerical results, concept of rotational levitation without shielding currents in YBCO 
tapes can be proposed. The pinning levitation needs strong pinning force of YBCO tapes under strong external field. 
The gradient of the magnetic field on the tapes is very important for the pinning levitation. Fig.9 shows a radial type 
levitation with conductive cooling of four YBCO tapes. Radius and thickness of the permanent magnet are 7.5 mm and 
1.5 mm, and its weight is 1.0 g. The YBCO tapes are set to circular with radius of 9.0 mm. Since the thin magnet makes 
large gradient of the magnetic field at the edge part, fluxsoids are effectively pinned on the YBCO tapes for the 
levitation. The levitation is also obtained clearly not by shielding currents but by pinning of flxsoids.  
One of useful idea for the small rotational pinning levitation is combination of thrust type PM-PM and radial type 
PM-SCtape systems. The weight of rotor is mainly sustained by repulsion force between the permanent magnets of the 
thrust type system, and stiffness adds by using the radial type system with the permanent magnet and the YBCO Tapes. 
Lager gradient of the magnetic field is obtained by sandwiched plate magnets. Many kinds of experiments and 
numerical evaluations must be carried out in near future.  
 
 
 
 
 
 
 
 
 
 
 
Fig.9. Radial type pinning levitation for rotational system with conductive cooling, where one end of each tapes is in liquid N2. 
6. Conclusion 
Suspension and levitation experiments with a permanent magnet and YBCO tapes are reported to confirm the strong 
pinning force of the YBCO tape. The pinning force related to the critical currents of the YBCO tape is roughly 
discussed from the numerical evaluation of the experimental suspension limits. The pinning levitation of a permanent 
magnet with the YBCO tapes is useful to design a small rotational levitation system. More precise discussion for 
evaluation of the pinning force and experimental measurements will be carried out to realize the rotational pinning 
levitation of a permanent magnet by using YBCO tapes without shielding currents. 
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